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Application No. 09/985,728 
Paper Dated: April 19, 2004 
Appellant's Brief on Appeal 
Attorney Docket No. 3693-01 1770 (LC-413) 

within two months of the filing date of the Notice of Appeal. Enclosed is a check in the 
amount of $330.00 in payment of the sum due under 37 CFR §1.1 7(c) in connection with the 
filing of this Appeal Brief. 

(1) REAL PARTY IN INTEREST 

The real party in interest in the present appeal is Henkel Corporation, a 
corporation of the state of Delaware. The application was originally assigned by the 
inventors to Loctite Corporation by way of an assignment executed on October 31, 2001, 
November 1, 2001 and November 2, 2001, and recorded in the U.S. Patent and Trademark 
Office at reel and frame number 012298/0263 on November 6, 2001. Subsequent to the 
execution of the assignment, Loctite Corporation officially changed its name to Henkel 
Loctite Corporation on May 15, 2002, as recorded in the records for the state of Delaware, 
and later Henkel Loctite Corporation was officially merged into Henkel Corporation effective 
January 1, 2004, as certified by the recorder of deeds for the state of Delaware. 

(2) RELATED APPEALS AND INTEFERENCES 

No related appeals or interferences are known to Appellants or Appellants' 
legal representative which will directly affect or be directly affected by or have bearing on 
the Board's decision in this appeal. 

ffl STATUS OF CLAIMS 

Claims 1-61 are presently pending in the application, and are reproduced in 
the Appendix attached hereto. 

Claim 18 has finally been rejected under 35 U.S.C. § 112, second paragraph, 
as allegedly being indefinite. 

Claims 1-3, 9-13, 17, 22-24, 49, and 53-56 have been finally rejected under 35 
U.S.C. § 102(e) as allegedly being anticipated by U.S. Patent No. 6,265,776 to Gilleo. 
Moreover, claims 4-8, 14-16, and 18-21 have been finally rejected under 35 U.S.C. § 103(a) 
as allegedly being unpatentable over Gilleo and further in view of WTPO Publication No. 
00/56799 to Torres-Filho and U.S. Patent No. 6,208,525 to Imasu. Further, claims 25-48, 50- 
52, and 57-61 have been finally rejected under 35 U.S.C. § 103(a) as allegedly being 
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unpatentable over Gilleo, Torres-Filho, and Imasu, and further in view of U.S. Patent No. 
6,168,972 to Wangetal. 

(4) STATUS OF AMENDMENTS 

In response to a first Office Action dated April 25, 2003, an Amendment dated 
July 24, 2003 was filed, including amendments to independent claims 1 and 25 to define the 
positioning of the electrical contacts with the specificity required by statute, and further 
describing the curable thermosetting underfill composition as being dispensed in flowable 
form and rendered non-flowable on the circuit chip. Also, independent claims 49, 54 and 60 
were amended to describe the nature of the thermosetting underfill composition as being 
deposited in a flowable form and then rendered non-flowable. In a final Office Action dated 
November 17, 2003, all of claims 1-61 were finally rejected. Appellants submitted a Request 
for Reconsideration on December 31, 2003. In response, an Advisory Action was issued on 
February 17, 2004, indicating that the Request did not place the application in condition for 
allowance "for the same rational as recited in the final rejection", and alleging that the 
response was improper since it was not limited to appeal or amendment. Appellants 
thereafter timely filed a Notice of Appeal on February 17, 2004, with the present Brief filed 
in support of the Appeal. 

(5) SUMMARY OF THE INVENTION 

The present invention is directed to a circuit chip provided for attachment to a 
separate carrier substrate, such as a circuit board. Traditionally, bonding of such circuit chips 
to a substrate has been achieved by providing electrical contact through a solder joint 
between electronic circuitry on the circuit chip and on the carrier substrate, and by providing 
an underfill material between the surfaces of the circuit chip and the carrier substrate, which 
underfill material may assist in adhering the chip to the substrate. The underfill material has 
traditionally been applied through capillary action after the chip has been bonded to the 
substrate. In the present invention, the circuit chip is provided as an independent structure 
including electrical contacts in the form of solder bumps on the surface of the chip, with a 
fluxing agent disposed on the solder bumps and a distinct and separate curable thermosetting 
underfill material provided directly on the chip for mating the chip with a separate carrier 
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substrate, and for providing an appropriate underfill material between the chip and the 
substrate upon mating and solder reflow. The thermosetting underfill composition is applied 
to the chip die in a flowable form and is partially cured to render it non-flowable, such as 
through B-staging. Since the underfill material is a thermosetting composition, it can be 
partially cured or B-staged in this manner to provide the circuit chip with the underfill 
material partially cured thereon, which underfill material can then be fully cured during 
solder reflow for attachment of the chip die to the substrate. 

(6^ ISSUES PRESENTED 

The issues on appeal include: 

/. Whether claim 18 particularly points out and distinctly claims the 
invention as regards use of the phrase " controllably degradable when exposed to 
appropriate conditions ". 

II. Whether claims 1-61 are anticipated by or rendered obvious over U.S. 
Patent No. 6,265, 776 to Gilleo, whether considered alone or in view of any of WIPO Patent 
Publication No. 00/56799 to Torres-Filho, U.S. Patent No. 6,208,525 to Imasu and/or U.S. 
Patent No. 6,168,972 to Wang et al. 

(7) GROUPING OF THE CLAIMS 

The claims should be considered as three (3) separate groupings as follows: 

A. Claims 1-3. 9-13. 17. 22-24. 49. 50 and 53-56 

Claims 1-3, 9-13, 17, 22-24, 49, 50 and 53-56 should be considered a first 
grouping, including independent claim 1 directed to a integrated circuit chip which is 
interconnectable to a carrier substrate; independent claim 49, directed to an integrated circuit 
chip assembly including a chip die electrically interconnected with a carrier substrate; and 
independent claim 54 directed to a method for assembling an integrated circuit chip which 
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involves applying a fluxing agent over electrical contacts on a chip die, and dispensing a 
curable thermosetting underfill composition on the chip die around the contacts and exposing 
the chip die to conditions appropriate to render the curable thermosetting underfill 
composition in a non-flowable form. Dependent claims 2-3, 9-13, 17, 22-24, 50, 53, 55 and 
56 each depend, either directly or indirectly, from claim 1, 49 or 54. 

B. Claims 4-8. 14-16. and 18-21 

Claims 4-8, 14-16, and 18-21 should be considered a second grouping. Claim 
4 depends from independent claim 1, further defining the composition as including a curable 
component, a curing agent and an inorganic filler, with claims 5-8 depending directly or 
indirectly from claim 4. Claims 14-16 each depend from independent claim 1, and further 
define characteristics of the chip die. Claim 18 depends from independent claim 1, defining 
that reaction products of the thermosetting underfill composition are controllably degradable, 
and claims 19 and 20 depend directly or indirectly therefrom. 

C. Claims 25-48. 51. 52 and 57-61 

Claims 25-48, 51, 52 and 57-61 should be considered a third grouping, 
including independent claim 25 directed to an integrated circuit chip assembly which includes 
a first thermosetting underfill composition dispensed on the chip die and a second 
thermosetting underfill composition dispensed over the first composition; and independent 
claim 60 directed to an integrated circuit assembly including a chip die adhered to a carrier 
substrate through a cured thermoset composite having a first dielectric layer and a second 
dielectric layer. Dependent claims 26-48, each depend, either directly or indirectly, from 
claim 25, dependent claims 51, 52 and 57-57 depend, either directly or indirectly, from claim 
49, and dependent claim 61 depends directly from claim 60. 
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(S) ARGUMENTS 

I. THE PHRASE "CONTROLLABL Y DEGRADABLE WHEN EXPOSED 
TO APPROPRIATE CONDITIONS" PARTICULARLY POINTS OUT AND DISTINCTLY 
CLAIMS THE INVENTION AND IS THUS DEFINITE WITHIN THE MEANING OF 35 
U.S.C. §112, SECOND PARAGRAPH. 

The Office Action alleges that the phrase "controllably degradable when 
exposed to appropriate conditions" in claim 18 is vague and indefinite. 

Definiteness under Section 112, second paragraph, requires that one skilled in 
the art understand the language of the claims when read in light of the specification , as the 
claims must be. Orthokinetics. Inc. v. Safety Travel Chairs, Inc., 806 F.2d 1565, 1576, 1 
USPQ 2d 1081, 1088 (Fed. Cir. 1986)(emphasis added). As previously noted, the 
specification of the present application provides a clear description as to what is meant by 
"controllably degradable when exposed to appropriate conditions". Paragraphs 0087-0090 of 
the present application clearly describe the nature of the materials being controllably 
degradable under appropriate conditions. For example, with reference to being controllably 
degradable, paragraph 0088 describes the composition as "providing an adhesive for adhering 
or affixing chip die 62 to a substrate 70, and which is capable of being reworked under 
appropriate conditions, such as by softening or degradation, with a loss of adherence so as to 
release chip die 62 from substrate 70." As an example of a useful material, paragraph 0088 
further describes "a compound having a cleavable linkage within the chemical structure 
thereof, including those which are "capable of softening under exposure to elevated 
temperature conditions, such as those in excess of the temperatures used to cure the 
composition, and desirably in excess of those used to reflow the solder". Moreover, specific 
examples of useful materials are set forth throughout the specification. Appellants submit 
that one skilled in the art, reading the claim language in light of the specification which 
includes a specific description of this property and provides specific examples of useful 
materials, would understand the claim. 
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In the rejection, it is stated that "the Examiner cannot read language from the 
specification into the claims." Appellants have not suggested that the Examiner should read 
language from the specification into the claims, as alleged. Instead, Appellants request that 
the claims be interpreted in light of the specification, as the law requires. It is well settled 
law that definiteness under §112, second paragraph, requires an examination of the claims as 
a whole in light of the specification and the prior art. See, e.g., S3 Inc. v. nVidia Corp., 259 
F. 3d 1364, 59 USPQ2d 1745 (Fed. Cir. 2001). 

Appellants submit that a complete reading of the specification sets forth 
appropriate conditions and sets forth what is meant by controllably degradable. Accordingly, 
when read in light of the specification, the phrase "controllably degradable when exposed to 
appropriate conditions" is in fact clear, and refers to materials which are reworkable 
according to the teachings of the specification. As such, the claims are definite within the 
meaning of 35 U.S.C. § 112, second paragraph. It is therefore requested that the rejection of 
claim 1 8 as being vague and indefinite be overturned. 

//. U.S. PATENT NO. 6,265,776 TO GILLEO FAILS TO ANTICIPATE 
OR RENDER OBVIOUS ANY OF CLAIMS 1-61, WHETHER CONSIDERED ALONE OR IN 
VIEW OF ANY OF WIPO PATENT PUBLICATION NO. 00/56799 TO TORRES-FILHO, 
U.S. PATENT NO. 6,208,525 TO IMASU AND/OR U.S. PATENT NO. 6,168,972 TO WANG 
ETAL. 

As noted above, the present invention is generally directed to a circuit chip 
provided with electrical contacts, which further includes a fluxing agent and a distinct and 
separate curable thermosetting underfill material provided on the chip for mating the chip 
with a carrier substrate, and for providing an appropriate underfill material between the chip 
and the substrate upon mating and solder reflow. The thermosetting underfill composition is 
applied to the chip die in flowable form and partially cured to render it non-flowable, such as 
through B-staging, due to the nature of the underfill material being a thermosetting 
composition. The underfill material can thereafter be fully cured upon solder reflow during 
the attachment of the chip die to the substrate. Thus, the invention as presently defined 
requires the underfill to be thermosetting in each of the embodiments of the claims. 
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A. Patentability of Claims 1-3. 9-13. 17. 22-24. 49. 50 and 53-56 

The final Office Action alleges that the claims of the first grouping are 
anticipated under 35 U.S.C. §102 by Gilleo. 

To anticipate a claim under 35 U.S.C. §102, a single reference must disclose 
each and every element of the claimed invention. Lewmar Marine v. Barient Inc., 3 USPQ2d 
1766 (Fed. Cir. 1987). Absence from the reference of any claimed element negates 
anticipation. Kloster Speedsteel AB v. Crucible Inc., 793 F.2d 1565 (Fed. Cir. 1986). 

Gilleo discloses a flip chip having solder bumps thereon, with a flux coating 
and an underfill material. While Gilleo teaches a flip chip, Gilleo requires that the underfill 
material be a thermoplastic material, not a thermosetting material. 

As noted, anticipation under Section 102 requires that a reference disclose 
each and every element of the claimed invention. All of the claims of the present invention 
require that the underfill material be a curable thermosetting material, not a thermoplastic 
one. Simply speaking, Gilleo fails to teach a curable thermoset as the underfill material. 
Instead, Gilleo is directed entirely to the use of thermoplastic materials as an underfill for 
circuit chips. 

Thermosetting underfill materials are quite different from thermoplastic 
underfill materials. According to the Concise Chemical and Technical Dictionary, 4 ed. 
Chemical Publishing Co., 1986, a "thermoset" is "a material that will undergo or has 
undergone a chemical reaction by the action of heat, catalysts, ultraviolet light, etc, leading to 
a relatively infusible state". A "thermoplastic" is defined as "softening under heat; a 
thermoplastic substance is adequately rigid at normal temperatures and under normal 
conditions of stress but is capable of deformation under heat and pressure." 

In fact, Gilleo specifically criticizes using thermosetting materials as an 
underfill, noting the problems that are inherent with thermosetting materials. See, e.g., Gilleo 
at column 6, lines 15-20. While Gilleo acknowledges that thermosetting materials may be 
included together with a thermoplastic material as an underfill, Gilleo fails to disclose 
thermosets as a useful underfill material apart from their use in combination with 
thermoplastic materials. 
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Moreover, all of the claims of the present invention require that the underfill 
material be a curable thermosetting underfill material. A curable material, by definition, 
requires a change in physical properties through a chemical reaction, with complete reaction 
resulting in the material being infusible and chemically inert. (See Concise Chemical and 
Technical Dictionary, 4 ed. Chemical Publishing Co., 1986). Curable thermosetting 
materials chemically react under heat. Gilleo fails to disclose curable materials, and instead 
merely teaches thermoplastic materials which do not involve any such chemical reaction 
under heat to become infusible and chemically inert. In fact, the overall purpose of Gilleo is 
to provide a material which can melt during heating so that thereafter it may bond properly 
with a substrate. Such melting is a property of a thermoplastic material. Curable 
thermosetting materials, on the other hand, harden or cure under heat. 

All of the claims of the present invention require a curable thermosetting 
underfill material. Gilleo does not teach thermosetting underfills, and does not teach a 
composition which is curable. Accordingly, Gilleo cannot anticipate the claims of the present 
invention. As such, the Section 102 rejections should be overturned. 

B. Patentability of Claims Claims 4-8. 14-16. and 18-21 

The claims of the second grouping have been rejected under Section 103(a) as 
being unpatentable over Gilleo, and further in view of Torres-Filho and Imasu. 

The rejection of these claims is based on the teachings of Gilleo as the primary 
reference. As noted above, Gilleo is limited to teaching thermoplastics, and does not teach 
curable thermosetting underfill materials. Moreover, Gilleo specifically teaches away from 
the use of thermosetting underfill materials. 

When interpreting the patentability of a claim, the law requires that a reference 
be considered for all of its teachings , including disclosure that diverges and teaches away 
from the invention at hand as well as disclosures that point toward and teach the invention. 
In re Dow Chem. Co., 837 F.2d 469, 5 USPQ2d 1529 (Fed. Cir. 1988)(emphasis added). 

The Examiner, however, has ignored the fact that Gilleo teaches away from 
the use of thermosets as the sole underfill material, and has failed to consider the effects of 
this teaching away with respect to the patentability of the present claims. That is, Gilleo fails 
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to recognize the advantages achieved through the use of a thermosetting resin as the underfill 
material. Instead, the teachings of Gilleo as a whole are directed to the use of thermoplastic 
materials instead of thermoset underfill materials. For example, the entire specification of 
Gilleo revolves around solving problems that are allegedly inherent with thermoset underfill 
materials. Gilleo specifically states at column 6, lines 15-21 that: 

"...thermoset underfill materials do not allow the assembly 
to be reworked since thermosets cannot be melted once they 
have cross-linked. The present invention eliminates the 
problems associated with thermoset underfills by 
incorporating a thermoplastic resin as the main component 
of the underfill." 

Clearly, Gilleo is directed to replacing thermoset underfill materials with 
thermoplastic underfill materials, and therefore teaches away from the use of thermosets. 

The claims of the present invention, on the other hand, require a curable 
thermosetting underfill composition as the underfill material. In the present invention, 
thermosetting underfill materials are desired, as they have the ability to be B-staged or 
partially cured. This ability provides the circuit chip as a separate structure including the 
fluxing agent and the partially cured thermosetting underfill composition in a solid form 
thereon, which can then be mated with the substrate and heated to reflow the electrical 
contacts and fully cure the thermosetting underfill material. 

One skilled in the art reading Gilleo in its entirety as is required, would in no 
way be motivated to use a thermosetting resin as the underfill material in an assembly in view 
of the assertive statements in Gilleo which discourage the use of such thermosets and attempt 
to solve the alleged problems of using thermosets by using thermoplastics. Quite simply, 
Gilleo is not directed to curable thermosetting underfill compositions. 

The Examiner contends in the final Office Action that "just because the focus 
[in Gilleo] is on a thermoplastic material does not eliminate the fact that a thermoset can 
function in the same capacity as the thermoplastic, since the underfill material in the 
particular embodiment can be either material." However, as noted, Gilleo repeatedly states 
throughout the specification that thermosets do not function in the same capacity as 
thermoplastics. In fact, Gilleo criticizes the use of thermosets, and proposes thermoplastics in 
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their stead. The Examiner's reliance on the fact that the materials can function in the same 
capacity is therefore misplaced, since Gilleo criticizes thermosets to the point that one skilled 
in the art would never think to use a thermoset based on the teachings of Gilleo. Merely 
because the present inventors have discovered how to make a thermoset material work does 
not provide a basis for the Examiner to contend that Gilleo teaches that a thermoset can 
function in the same capacity as a thermoplastic, particularly when this is contrary to the 
entire teachings of Gilleo. The overall teaching of Gilleo is that thermosets cannot function 
in the same capacity as thermoplastics. The Examiner's conclusion is therefore contrary to 
the disclosure of the primary reference on which he relies. By using Gilleo as a basis for 
rejecting the claims under the assertion that a thermoset can function in the same capacity as 
a thermoplastic, the Examiner is acting contrary to established federal case law, particularly 
since Gilleo specifically states that thermosets do not function in the same manner and have 
physical properties that are detrimental to the application in which they are placed, and one 
skilled in the art would therefore not be motivated to use a thermoset based on such divergent 
teachings in Gilleo. 

Moreover, the Federal Circuit has repeatedly recognized that proceeding 
contrary to the accepted wisdom in the art represents strong evidence of unobviousness and 
patentability. In re Hedges, 783 F.2d 1038, 1041, 228 USPQ 685, 687 (Fed. Cir. 1986); W.L. 
Gore & Assocs., Inc. v. Garlock, Inc., 721 F.2d 1540, 1552, 220 USPQ 303, 312 (Fed. Cir. 
1983). The present invention proceeds entirely contrary to the accepted wisdom of Gilleo. 
Quite simply, Gilleo touts the necessity of thermoplastics as opposed to thermosets - the 
present invention instead claims the use of thermosets. 

The Office Action further states that "the Examiner has reviewed Gilleo as a 
whole when considering replacing the thermoplastic material with a thermoset having a very 
low crosslink density." This statement itself is contradictory to the law. If a reference is 
considered as a whole, one particular element of that reference cannot be given substantial 
weight if it goes against the overall teachings of the reference, particularly if it is in blatant 
disregard to the remaining disclosure of the reference. The sole, casual statement that the 
underfill material is preferably a thermoplastic or a thermoset having a specific crosslink 
density is counter to the overall explicit teachings in Gilleo. For the Examiner to review 
Gilleo "as a whole when considering replacing the thermoplastic material with a thermoset" 
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is not a review of Gilleo as a whole because if the Examiner actually considered Gilleo as a 
whole, he would not focus on one comment in Gilleo which mentions thermosets, but instead 
would look to its overall intent which is to replace thermosets with thermoplastics due to the 
perceived inherent difficulties with thermosets that Gilleo reported. 

Page 8 of the final Office Action admits that "Gilleo fails to disclose a 
thermosetting underfill composition comprises[sic] a curable component made of epoxy resin 
(i.e. a bisphenol-F-type epoxy resin), a curing agent made of amine compounds for promoting 
cure of the curable component, and optionally, an inorganic filler component made of 
reinforcing silicas." The Examiner then alleges that Torres-Filho discloses a thermosetting 
underfill composition with a curing agent and a filler, and then alleges that it would have 
been obvious to incorporate the thermosetting underfill composition of Torres-Filho with the 
device of Gilleo. Such a combination, however, flies in the face of the disclosure of Gilleo. 
As discussed, Gilleo completely teaches against the use of thermosetting underfill materials. 
The Examiner, however, has ignored this teaching away, and instead has merely replaced the 
thermoplastic material of Gilleo with a thermoset as in Torres-Filho - something completely 
against the teachings of Gilleo. 

The final Office Action contends that this position is not persuasive "since 
Torres-Filho is not relied upon to show a pre-applied semiconductor circuit chip", but instead 
that "Torres-Filho is only relied upon to show that a thermosetting underfill composition 
comprises a curable component made of epoxy resin...". To rely on references in this 
manner is improper, since Gilleo teaches away from the use of thermosets. One skilled in the 
art, reading Gilleo for its entire teachings as is required, would not look to use thermosetting 
underfills, and would therefore have no motivation to consider any thermosetting materials 
disclosed in Torres-Filho, since Gilleo teaches that thermosets are problematic. 

Moreover, in rejecting claims 14-16, Imasu has been cited in combination with 
Gilleo and Torres-Filho for its alleged teachings merely with respect to semiconductor chips 
made of silicon. Imasu, however, also fails to provide any teachings which would cure the 
deficiencies of the combination of Gilleo and Torres-Filho. Imasu fails in any way to teach 
or disclose a circuit chip in accordance with the present invention which involves curable 
thermosetting underfill materials disposed on a chip. 
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In view of the foregoing, it is apparent that Gilleo teaches away from the use 
of thermosets, and one skilled in the art would therefore not look to the use of thermosets 
from these divergent teachings. The rejection of claims 4-8, 14-16 and 18-21 based on the 
combination of Gilleo with Torres-Filho and Imasu should therefore be overturned. 

C. Patentability of Claims 25-48. 51. 52 and 57-61 

The claims of the third grouping have been rejected under 35 USC § 103 as 
allegedly being obvious over Gilleo in combination with Torres-Filho and Imasu, and further 
in view of Wang. Wang has been cited with specific reference to the embodiment of this 
second claim grouping demonstrated by independent claim 25, where the underfill material 
comprises a first thermosetting underfill composition which is dispensed in flowable form 
over the chip die and treated so as to render it non-flowable, and a second thermosetting 
underfill composition which is dispensed in flowable form over the first thermosetting 
underfill composition and treated so as to render it non-flowable. Wang, however, fails to 
provide any teachings directed to this specific arrangement. 

Wang does not involve dispensing a second thermosetting underfill 
composition on a first thermosetting underfill composition, let alone treating such 
compositions to render them non-flowable on the chip surface. Instead, Wang clearly 
discloses providing separate underfill compositions on separate members, namely on chip 
200 and on substrate 300, followed by alignment and reflow to attach the chip and the 
substrate together through the underfill materials. 

The final Office Action contends that in Wang, "the second thermosetting 
underfill composition 310 is rendered non-flowable since both encapsulation [sic] 210, 310 
are cured at 170 degrees as seen in col. 9 lines 25-54", and therefore alleges that the 
combination of Wang and the previous references renders the invention of the second 
grouping of claims obvious. In Wang, however, the second thermosetting underfill material 
is applied to a separate substrate, not to the first thermosetting underfill material. 
Accordingly, Wang never achieves a chip die structure which includes both a first 
thermosetting underfill composition and a second thermosetting underfill composition over 
the first composition, both of which are present on the chip die and both of which are 
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separately treated so as to render them non-flowable, such as through B-staging. The second 
grouping of claims of the present invention provides for an integrated multilayer underfill 
chip structure prior to mating with a carrier substrate, whereas Wang would merely achieve 
different underfill materials during the final assembly procedure by providing the underfill 
materials on different surfaces, namely one underfill material on the chip surface and one 
underfill material on the carrier substrate prior to mating. 

Moreover, Wang is clearly directed to thermosetting underfill materials, 
which, as detailed above, is clearly taught away from by Gilleo. In fact, one skilled in the art 
reading Gilleo would be disinclined to use thermosetting materials due to the specific 
problems associated with such thermosetting underfill materials described in Gilleo, and as 
such, would not look to Wang for substitution materials, particularly for thermosetting 
materials. 

The cited documents of record fail to disclose, teach or suggest the invention 
as defined by the present claims, particularly involving a curable thermosetting underfill 
composition disposed on a chip die about the electrical contacts and rendered non-flowable, 
so as to provide an integrated circuit chip assembly for direct attachment to a substrate. 
Instead, all of the rejections center on the alleged teachings of Gilleo. As noted, however, 
Gilleo specifically teaches away from thermosets by arguing that thermoset underfill 
materials are not particularly useful and inherently have problems in performance, and 
suggesting that thermoplastic materials must be used as the main component of the underfill. 
One skilled in the art, reading the teachings of Gilleo as a whole, would clearly not be 
motivated to provide a circuit chip with a thermosetting underfill material which does not 
include a thermoplastic material, particularly with Gilleo stressing the problems associated 
with thermosetting underfill materials. In view of the above remarks, it is apparent that 
Gilleo fails to teach the present invention which requires a curable thermosetting composition 
as the underfill material on a circuit chip assembly. 

The rejections under Sections 102(e) and 103(a) based on Gilleo, whether 
considered alone or in combination with the additional references, should thus be overturned. 
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(9) CONCLUSION 

Having set forth factual and legal bases which support the patentability of the 
claims on appeal, all of claims 1-61 are allowable. Accordingly, Appellants respectfully urge 
the Board to reverse the Examiner's final rejection of the claims. 



Respectfully submitted, 

WEBB ZIESENHEIM LOGSDON 
ORKIN & HANSON, P.C. 

Kirk M. Miles 

Registration No. 37,891 

Attorney for Appellants 

700 Koppers Building 

436 Seventh Avenue 

Pittsburgh, Pennsylvania 15219-1818 

Telephone: 412-471-8815 

Facsimile: 412-471-4094 
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(10) APPENDIX 

1 . An integrated circuit chip electrically interconnectable with a carrier substrate 

comprising: 

a) a chip die having electrical contacts arranged on a surface thereof for 
providing electrical interconnection with electronic circuitry on a surface of the carrier substrate, 
said electrical contacts being flowable upon heating; 

b) a fluxing agent disposed on a surface of said electrical contacts at a location 
capable of providing effective fluxing activity to said electrical contacts of said chip die and said 
electronic circuitry of the carrier substrate when said chip die is mated with the carrier substrate; and 

c) a curable thermosetting underfill composition dispensed in a flowable form 
over said chip die about said electrical contacts and rendered non-flowable through an appropriate 
treatment, said curable thermosetting underfill composition being distinct from said fluxing agent, 

wherein upon mating said chip die with said carrier substrate to form a mated 
assembly and upon heating said mated assembly to a temperature sufficient to render said electrical 
contacts flowable, said electrical contacts flow to provide electrical interconnection between said 
chip die and said carrier substrate, and said thermosetting underfill composition cures, thereby 
adhering said chip die to said carrier substrate. 

2. An integrated circuit chip as in claim 1, wherein said fluxing agent is 
disposed over substantially the entire surface of said electrical contacts. 

3. An integrated circuit chip as in claim 1, wherein at least a portion of said 
electrical contacts is exposed from said thermosetting underfill composition. 
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4. An integrated circuit chip as in claim 1, wherein said thermosetting underfill 
composition comprises a curable component, a curing agent for promoting cure of said curable 
component, and optionally, an inorganic filler component. 

5. An integrated circuit chip as in claim 4, wherein said curable component 
comprises an epoxy resin. 

6. An integrated circuit chip as in claim 5, wherein said epoxy resin is selected 
from the group consisting of bisphenol-A-type epoxy resin; bisphenol-F-type epoxy resin; phenol 
novolac-type epoxy resin; cresol novolac-type epoxy resin; polyepoxy compounds based on aromatic 
amines and epichlorohydrin; polyglycidyl derivatives of phenolic compounds; polyglycidyl 
derivatives of phenol-formaldehyde novolacs; polyglycidyl adducts of amines, aminoalcohols and 
polycarboxylic acids; and combinations thereof. 

7. An integrated circuit chip as in claim 4, wherein said curing agent is selected 
from the group consisting of anhydride compounds, amine compounds, amide compounds, 
imidazole compounds, and combinations thereof. 

8. An integrated circuit chip as in claim 4, wherein said inorganic filler 
component may be selected from the group consisting of materials constructed of or containing 
reinforcing silicas, aluminum oxide, silicon nitride, aluminum nitride, silica-coated aluminum 
nitride, boron nitride, and combinations thereof. 
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9. An integrated circuit chip as in claim 1, wherein said fluxing agent comprises 
an organic acid. 

10. An integrated circuit chip as in claim 1, wherein said fluxing agent comprises 
a material selected from the group consisting of abietic acid, adipic acid, ascorbic acid, acrylic acid, 
citric acid, 2-furoic acid, malic acid, polyacrylic acid, and combinations thereof. 

11. An integrated circuit chip as in claim 1 , wherein said fluxing agent comprises 
a latent organic acid. 

12. An integrated circuit chip as in claim 1 , wherein said fluxing agent comprises 
a thermally-activatable blocked organic acid. 

13. An integrated circuit chip as in claim 1, wherein said fluxing agent further 
comprises an epoxy compound capable of drying to form a film of said fluxing agent on said 
electrical contacts and capable of reacting with said thermosetting underfill composition upon curing 
of said thermosetting underfill composition. 

14. An integrated circuit chip as in claim 1 , wherein said chip die is constructed 
of material selected from the group consisting of silicon and germanium. 
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15. An integrated circuit chip as in claim 1, wherein said chip die is coated with 
a material selected from the group consisting of a polyimide-based material, poly-benzocyclobutane- 
based material, and a silicon nitride-based material. 

16. An integrated circuit chip as in claim 1, wherein said carrier substrate is 
constructed of a material selected from the group consisting of A1 2 0 3 , silicon nitride, mullite, 
polyimide, glass-reinforced epoxy, acrylonitrile-butadiene-styrene, and phenolic substrates. 

17. An integrated circuit chip as in claim 1, wherein said electrical contacts 
comprise solder bumps. 

18. An integrated circuit chip as in claim 1, wherein reaction products of said 
thermosetting underfill composition are controllably degradable when exposed to appropriate 
conditions. 

19. An integrated circuit chip as in claim 1 8, wherein said thermosetting underfill 
composition comprises a curable compound having at least one thermally cleavable linkage, a curing 
agent for promoting cure of said curable compound, and optionally, an inorganic filler component. 

20. An integrated circuit chip as in claim 19, wherein said compound having at 
least one thermally cleavable linkage is selected from the group consisting of diepoxides including 
acyclic acetal groups and full and partial episulfide equivalents thereof; diepoxides including 
secondary carbonyl linkages and full and partial episulfide equivalents thereof; diepoxides including 
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tertiary carbonyl linkages and full and partial episulfide equivalents thereof; diepoxides including 
an aromatic moiety within the structure and full and partial episulfide equivalents thereof; and 
combinations thereof. 

21. An integrated circuit chip as in claim 1 , wherein said thermosetting underfill 
composition when cured provides a dielectric layer between said chip die and said carrier substrate. 

22. An integrated circuit chip as in claim 1, wherein said chip die comprises a 
packaged integrated circuit, and said electrical contacts are arranged on said packaged integrated 
circuit for providing electrical interconnection with said electronic circuitry of said carrier substrate. 

23 . A circuit assembly comprising the assembled product of claim 1 . 

24. A method for assembling an integrated circuit assembly comprising: 

a) providing an integrated circuit chip in accordance with claim 1 ; 

b) mating said integrated circuit chip with a carrier substrate to form a mated 

assembly; and 

c) exposing said mated assembly to temperature conditions sufficient to promote 
electrical interconnection between said integrated circuit chip and said carrier substrate and to cure 
said thermosetting underfill composition, thereby adhering said integrated circuit chip to said carrier 
substrate. 
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25. An integrated circuit chip electrically interconnectable with a carrier substrate 

comprising: 

a) a chip die having electrical contacts arranged on a surface thereof for 
providing electrical interconnection with electronic circuitry on a surface of the carrier substrate, 
said electrical contacts being flowable upon heating; 

b) a fluxing agent disposed on a surface of said electrical contacts at a location 
capable of providing effective fluxing activity to said electrical contacts of said chip die and said 
electronic circuitry of the carrier substrate when said chip die is mated with the carrier substrate; 

c) a first thermosetting underfill composition dispensed in a flowable form over 
said chip die about said electrical contacts and rendered non-flowable through an appropriate 
treatment, said first thermosetting underfill composition being distinct from said fluxing agent; and 

d) a second thermosetting underfill composition dispensed in a flowable form 
over said first thermosetting underfill composition about said electrical contacts and rendered non- 
flowable through an appropriate treatment, said second thermosetting underfill composition being 
distinct from said first thermosetting underfill composition and said fluxing agent, 

wherein upon mating said chip die with said carrier substrate to form a mated 
assembly and upon heating said mated assembly to a temperature sufficient to render said electrical 
contacts flowable, said electrical contacts flow to provide electrical interconnection between said 
chip die and said carrier substrate, and said first and second thermosetting underfill compositions 
are cured, thereby adhering said chip die to said carrier substrate. 

26. An integrated circuit chip as in claim 25, wherein said fluxing agent is 
disposed over substantially the entire surface of said electrical contacts. 

{W01 16613.1} 



27. An integrated circuit chip as in claim 25, wherein at least a portion of said 
electrical contacts is exposed from said first and said second thermosetting compositions. 

28. An integrated circuit chip as in claim 25, wherein said first and said second 
thermosetting compositions comprise a curable component, a curing agent for promoting cure of said 
curable component, and optionally, an inorganic filler component. 

29. An integrated circuit chip as in claim 28, wherein said curable component 
comprises an epoxy resin. 

30. An integrated circuit chip as in claim 29, wherein said epoxy resin is selected 
from the group consisting of bisphenol-A-type epoxy resin, bisphenol-F-type epoxy resin, phenol 
novolac-type epoxy resin, cresol novolac-type epoxy resin, polyepoxy compounds based on aromatic 
amines and epichlorohydrin, polyglycidyl derivatives of phenolic compounds; polyglycidyl 
derivatives of phenol-formaldehyde novolacs, polyglycidyl adducts of amines, aminoalcohols and 
polycarboxylic acids; and combinations thereof. 

31. An integrated circuit chip as in claim 28, wherein said curing agent is selected 
from the group consisting of anhydride compounds, amine compounds, amide compounds, 
imidazole compounds, and combinations thereof. 
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32. An integrated circuit chip as in claim 28, wherein said inorganic filler 
component may be selected from the group consisting of materials constructed of or containing 
reinforcing silicas, aluminum oxide, silicon nitride, aluminum nitride, silica-coated aluminum 
nitride, boron nitride, and combinations thereof. 

33. An integrated circuit chip as in claim 25, wherein said fluxing agent comprises 
an organic acid. 

34. An integrated circuit chip as in claim 33, wherein said fluxing agent 
comprises a material selected from the group consisting of abietic acid, adipic acid, ascorbic acid, 
acrylic acid, citric acid, 2-furoic acid, malic acid, and polyacrylic acid. 

35. An integrated circuit chip as in claim 25, wherein said fluxing agent 
comprises a latent organic acid. 

36. An integrated circuit chip as in claim 25, wherein said fluxing agent 
comprises a thermally- activatable blocked organic acid. 

37. An integrated circuit chip as in claim 25, wherein said fluxing agent further 
comprises an epoxy compound capable of drying to form a film of said fluxing agent on said 
electrical contacts and capable of reacting with at least one of said first or said second thermosetting 
underfill compositions upon curing of said first and second thermosetting underfill compositions. 
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38. An integrated circuit chip as in claim 25, wherein said chip die is constructed 
of material selected from the group consisting of silicon and germanium. 

39. An integrated circuit chip as in claim 25, wherein said chip die is coated with 
a material selected from the group consisting of a polyimide-based material, poly-benzocyclobutane- 
based material, and a silicone nitride-based material. 

40. An integrated circuit chip as in claim 25, wherein said carrier substrate is 
constructed of a material selected from the group consisting of AI2O3, silicon nitride, mullite, 
polyimide, glass-reinforced epoxy, acrylonitrile-butadiene-styrene, and phenolic substrates. 

41. An integrated circuit chip as in claim 25, wherein said electrical contacts 
comprise solder bumps. 

42. An integrated circuit chip as in claim 25, wherein reaction products of at least 
one of said first or said second thermosetting underfill compositions are controllably degradable 
when exposed to appropriate conditions. 

43. An integrated circuit chip as in claim 42, wherein at least one of said first or 
said second thermosetting underfill compositions comprises a curable compound having at least one 
thermally cleavable linkage, a curing agent for promoting cure of said curable compound, and 
optionally, an inorganic filler component. 
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44. An integrated circuit chip as in claim 43, wherein said compound having at 
least one thermally cleavable linkage is selected from the group consisting of di epoxides including 
acyclic acetal groups and full and partial episulfide equivalents thereof; diepoxides including 
secondary carbonyl linkages and full and partial episulfide equivalents thereof; diepoxides including 
tertiary carbonyl linkages and full and partial episulfide equivalents thereof; diepoxides including 
an aromatic moiety within the structure and full and partial episulfide equivalents thereof; and 
combinations thereof. 

45. An integrated circuit chip as in claim 25, wherein said first thermosetting 
underfill composition when cured provides a first dielectric layer in contact with said chip die and 
having a coefficient of thermal expansion compatible with said chip die, and said second 
thermosetting underfill composition when cured provides a second dielectric layer in contact with 
said first dielectric layer and said carrier substrate and having a coefficient of thermal expansion 
compatible with said carrier substrate and said first dielectric layer. 

46. A integrated circuit chip as in claim 25, wherein said chip die comprises a 
packaged integrated circuit, and said electrical contacts are arranged on said packaged integrated 
circuit for providing electrical interconnection with said electronic circuitry of said carrier substrate. 

47. A circuit assembly comprising the assembled product of claim 25 . 

48. A method for assembling an integrated circuit assembly comprising: 
a) providing an integrated circuit chip in accordance with claim 25; 
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b) mating said integrated circuit chip with a carrier substrate to form a mated 

assembly; and 

c) exposing said mated assembly to temperature conditions sufficient to promote 
electrical interconnection between said integrated circuit chip and said carrier substrate and to cure 
said first and said second thermosetting underfill compositions, thereby adhering said integrated 
circuit chip to said carrier substrate. 

49. An integrated circuit chip assembly comprising: 

a) a carrier substrate; and 

b) a chip die electrically interconnected with said carrier substrate through the 
use of solder having had a fluxing agent disposed on at least a portion thereof, said chip die adhered 
to said carrier substrate through a cured thermoset underfill compound which is substantially free 
of residue from said fluxing agent, said fluxing agent having been distinct from a non-flowable 
curable thermosetting underfill composition from which said cured thermoset underfill compound 
is formed. 

50. An integrated circuit chip assembly as in claim 49, wherein said thermoset 
underfill compound is controllably degradable when exposed to appropriate conditions. 

51. An integrated circuit chip assembly as in claim 49, further comprising a 
second thermoset underfill compound distinct from said thermoset underfill compound between said 
chip die and said carrier substrate. 
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52. An integrated circuit chip assembly as in claim 51, wherein said second 
thermoset underfill compound is controllably degradable when exposed to appropriate conditions. 

53. An integrated circuit chip assembly as in claim 49, wherein said chip die 
comprises a packaged integrated circuit. 

54. A method for assembling an integrated circuit chip prior to attachment to a 
substrate comprising the steps of: 

a) providing a chip die having flowable electrical contacts arranged in a 
predetermined pattern thereon; 

b) applying a fluxing agent over at least a portion of said electrical contacts; and 

c) dispensing a curable thermosetting underfill composition in a flowable form 
on said chip die around said electrical contacts and rendering said curable thermosetting underfill 
composition to a non-flowable form, said thermosetting underfill composition being distinct from 
said fluxing agent. 

55. A method as in claim 54, further comprising drying said fluxing agent after 
said applying step b). 

56. A method as in claim 55, further comprising reducing the flowability of said 
thermosetting underfill composition after said dispensing step c). 
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57. A method as in claim 55, further comprising a step d) dispensing a second 
thermosetting underfill composition in a flowable form on said thermosetting underfill composition 
around said electrical contacts, said second thermosetting underfill composition being distinct from 
said fluxing agent and said first thermosetting underfill composition. 

58 . A method as in claim 57, further comprising reducing the flowability of said 
thermosetting underfill composition and said second thermosetting composition after said dispensing 
step d). 

59. A method as in claim 57, wherein any of said applying and said dispensing 
steps b), c) and d) comprise screen printing, stencil printing, jet printing, pad printing, or offset 
printing. 

60. An integrated circuit assembly comprising: 

a) a carrier substrate; and 

b) a chip die electrically interconnected with said carrier substrate through the 
use of solder having had disposed on at least a portion thereof a fluxing agent, said chip die adhered 
to said carrier substrate through a cured thermoset composite which is substantially free of residue 
from said fluxing agent, said cured thermoset composite comprising: 

i) a first dielectric layer having a coefficient of thermal expansion 
compatible with said chip die; and 

ii) a second dielectric layer having a coefficient of thermal expansion 
compatible with said circuit board substrate; 
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wherein said fluxing agent was directly on a surface of said solder and distinct from curable 
thermosetting compositions provided directly on said chip die about said solder from which said 
dielectric layers are formed. 

61. A circuit assembly as in claim 60, wherein said chip die comprises a 
packaged integrated circuit. 
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